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Background: Myometrial contractile activity can be evaluated by
recording uterine electromyography (EMG) non-invasively from the
abdominal surface. Uterine EMG has been shown to detect contrac-
tions during labor as reliably as tocography (TOCO) and intrauter-
ine pressure catheters. To evaluate whether changes in uterine EMG
throughout the first stage of labor correlate with advancing cervical
dilatation. Methods: Uterine EMG was recorded from the abdominal
surface for 30 minutes in 32 women during the first stage of labor at
term. Women were divided in three groups according to cervical di-
latation at the time of EMG recording: <3 cm (n = 4), 3–5 cm (n = 19),
and 6–10 cm (n = 9). Power density spectrum (PDS) peak frequencies
within EMG bursts were compared between groups using ANOVA (p
< 0.05 significant). Bonferroni post-hoc test was used for pair-wise
comparison among groups. Results: PDS peak frequencies were sig-
nificantly different in the three groups (p < 0.001). PDS peak fre-
quency in the ≥6 cm dilatation group (0.52 ± 0.06 Hz) was signifi-
cantly higher than in the<3 cm group (0.41±0.02 Hz; p = 0.001) and
3 to 5 cm group (0.44 ± 0.04 Hz, p = 0.001). Difference between <3
cm and 3 to 5 cm groups was not statistically significant (p = 0.55). Dis-
cussion: Uterine EMG PDS peak frequencies increase with increasing
cervical dilatation during the first stage of labor.
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1. Introduction
Myometrial contractile activity can be evaluated by

recording uterine electromyography (EMG) non-invasively
from the abdominal surface [1–3]. Uterine EMG has been
shown to detect contractions during labor as reliably as
tocography (TOCO) and intrauterine pressure catheters [4–
6]. In addition, EMG yields important information on
changes in electrical properties of the myometrium charac-
teristic of labor [7, 8]. Several studies demonstrated that uter-
ine EMG predicts onset of labor at term and preterm more
accurately than other methods in clinical use today [9–13].
Uterine EMG properties have also been shown to differenti-
ate active vs. latent labor in women presenting with regular
contraction at term [7, 14].

No uterine studies to date evaluated uterine EMG as a
means of assessing progress of labor in the first stage, i.e.,
from onset of regular painful contractions to full dilatation
of uterine cervix. This assessment currently still mostly de-
pends on vaginal examinations to estimate cervical change
and TOCO to assure adequate frequency of contractions
[15, 16]. Both methods have several drawbacks. TOCO be-
came the standard of care more than 40 years ago without
ever undergoing vigorous clinical trials [17]. It onlymeasures
change in shape of the abdominal wall as a function of uter-
ine contractions and, as a result, is a qualitative rather than a
quantitative method [17]. Monitoring uterine activity with
TOCO alone has been proven not to be helpful in assessing
progress of labor [17, 18]. On the other hand, estimating cer-
vical dilatation by digital vaginal exam is very subjective and
measurements vary significantly among caregivers [19, 20].
Moreover, vaginal examsmay cause discomfort and pain, and
can also be a source of infection [21, 22]. Therefore, a more
objective and less invasive method to assess labor progress
in the first stage of labor would be very helpful to clinicians
and could increase satisfaction of laboring women with in-
trapartum care.

The objective of the study was to evaluate whether
changes in uterine EMG throughout the first stage of labor
correlate with advancing cervical dilatation.

2. Methods
Women at 37 0/7 to 41 6/7weeks of gestationwith single-

ton pregnancies and fetuses in cephalic presentations admit-
tedwith regular uterine contractions to laborward of the De-
partment of Perinatology, University Medical Center Ljubl-
jana, Slovenia, were included in the study. All women in-
cluded provided written informed consent for study partic-
ipation. The National Medical Ethics Committee approved
the study (reference number: 137/02/10).

Uterine EMG measurements were performed in labor
ward. Four electrodes were arranged symmetrically around
the navel. Uterine EMG was recorded for 30 min using
the SureCall Monitor (Reproductive Research Technologies,
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Table 1. Baseline characteristics of women in the three study groups.

Characteristic
Cervical dilatation<3 cm Cervical dilatation 3–5 cm Cervical dilatation 6–10 cm

p
(N = 4) (N = 19) (N = 9)

BMI (kg/m2) 28± 5 31± 5 27± 4 0.07

Nulliparity 4 (100%) 9 (47%) 5 (56%) 0.12

Maternal age (years) 32± 5 31± 5 29± 6 0.71

Gestational age (weeks) 39± 2 39± 2 39± 1 0.86

Labor augmentation with oxytocin 1 (25%) 9 (47%) 3 (33%) 0.62

Means with standard deviations or Number N (%) are shown; BMI, body mass index.

Houston, Texas, USA). Recordings were analyzedwith Chart
5 software (ADInstruments, Castle Hill, Australia). In order
to exclude most components of motion, respiration, and car-
diac signals, and to more clearly discern “bursts” of uterine
electrical activity, EMG signals were digitally filtered (band-
pass 0.3 to 1.00 Hz). Data were sampled at 100 Hz. Fourier
transform was used to obtain the power density spectrum
(PDS) of each burst. The PDS curve is a function of frequency
and represents the relative contribution of each frequency to
the signal. Peak PDS frequencies of bursts analyzed in record-
ing were averaged to obtain a mean peak PDS frequency for
each patient.

Different clinicians blinded to the results of uterine EMG
measurements performed cervical examinations. Women
were classified into three groups according to cervical dilata-
tion at the time of EMG recording: <3 cm, 3–5 cm, and 6–10
cm. Normality of distribution was assessed using Shapiro-
Wilk test. Background clinical characteristics as well as EMG
PDS peak frequencies in the three groups were compared us-
ing Chi square test (for categorical variables) and ANOVA
(for continuous variables). Bonferroni post-hoc test was used
for pair-wise comparisons of EMG PDS peak frequencies
among groups. For all tests, a p value < 0.05 was consid-
ered statistically significant. The software used for statistical
analysis was IBM SPSS Statistics for Windows Version 25.0
(IBM Corp., Armonk, NY, USA).

3. Results
Thirty-two women were included in the study: 4 (13%)

were dilated <3 cm, 19 (59%) 3 to 5 cm, and 9 (28%) ≥6
cm at the time of uterine EMG recording. Table 1 presents
comparison of baseline characteristics of women in the three
groups. None of the women included had undergone a ce-
sarean section in their previous pregnancy or had a uterine
scar from prior myomectomy or other surgical procedures.
All women had a spontaneous vaginal delivery, except one in
the 3 to 5 cm cervical dilatation group who delivered by ce-
sarean section due to fetal distress. All women in the 3–5 cm
dilatation group have been classified by the attending clini-
cians as being in active labor.

Uterine EMG PDS peak frequencies differed significantly
in the three groups (p < 0.001) (Fig. 1). Post-hoc analysis
showed significant differences in PDS peak frequency in the

≥6 cm dilatation group vs. <3 cm (p = 0.001) and 3 to 5 cm
(p = 0.001), but not between <3 cm and 3 to 5 cm groups (p
= 0.55).

4. Discussion
The main finding of the study is that uterine EMG PDS

peak frequencies increase with increasing cervical dilatation.
This indicates potential effectiveness of uterine EMG as a
means for assessment of labor during the first stage.

Continuing trend towards higher EMG activity as labor
progresses is in line with earlier findings with intrauterine
pressure measurements [23]. However, increase in uterine
EMG PDS peak frequency with increasing cervical dilatation
does not merely reflect stronger contractions late in the first
stage, but suggests changes in electrical properties of the my-
ometrium (e.g., increase in cell coupling through gap junc-
tions, increased frequency of electrical signals etc.) through-
out the first stage of labor. These changes can be detected
non-invasively by recording uterine EMG from the abdom-
inal surface. Our results are in accordance with previously
published studies on accuracy of uterine EMG in predicting
labor at term and preterm [9, 12, 13]. Maner et al. [9, 24, 25]
showed high sensitivity and specificity of EMG for predict-
ing onset of labor at term. Similarly, Lucovnik et al. [12]
found high diagnostic values of uterine EMG for identifying
womenwith preterm contractions at<34 weeks’ that are go-
ing to deliver within seven days from EMG measurements.
Our results are also in line with those of Trojner Bregar et
al. [7], who showed gradual changes in uterine EMG charac-
teristics as latent labor progresses into the active phase of the
first stage of labor. Our study confirms shifts in uterine EMG
activity towards higher signal frequencies as labor progresses
during the first stage.

Relatively high rates of labor augmentation with oxytocin
should be taken into account when interpreting our results.
Active management of labor with high-dose oxytocin regi-
men (initial oxytocin infusion of 2 to 5mU/min with incre-
ments every 20–30min until a maximum dose of 40mU/min
is reached) is common obstetric practice at our institution
[26, 27]. Although there are no direct data on effects of oxy-
tocin on uterine EMG PDS peak frequencies, it stands to rea-
son then these could be affected by oxytocin administration.
Pajntar et al. [28–30] showed an increase in uterine cervi-
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Fig. 1. Comparison of uterine electromyography (EMG) power density spectrum (PDS) peak frequency in three groups of women in the first
stage of labor according to cervical dilatation. PDS peak frequency differed significantly among groups (p < 0.001). PDS peak frequency was significantly
higher in the≥6 cm dilatation group vs. <3 cm (p = 0.001) and 3 to 5 cm (p = 0.001), but not between<3 cm and 3 to 5 cm groups (p = 0.55). Means with
standard deviations are shown.

cal EMG activity after oxytocin administration and animal
studies have found changes in uterine and oviduct EMG as-
sociated with oxytocin use. Moreover, Maul et al. [23] have
described a correlation between uterine EMG properties and
intrauterine pressure. Our conclusions on increase in EMG
PDSpeak frequencieswith advancing cervical dilatationwere
probably not influenced by oxytocin use, as there were no
significant differences augmentation rates between the three
study groups. However, further studies are needed to de-
termine whether same findings apply to spontaneous (non-
augmented) labors alone. Parity is another characteristic that
merits discussion. Although there were no statistically sig-
nificant differences in parity among groups, it has to be noted
that all women in the <3 cm cervical dilatation group were
nulliparas, compared to 47% in the 3–5 cm and 56% in the
6–10 cm groups. As with oxytocin use, this has probably not
influenced our results significantly, as uterine EMGPDSpeak
frequency has been shown not to be affected by parity [31].
Several uterine EMGparameters have been studied so far and
found to indicate onset of true labor [10]. Moreover, var-
ious EMG signal processing techniques focusing on differ-
ent frequency bands have been shown to yield important in-
formation on uterine contractility [13, 32–34]. For the pur-
pose of the present study, we chose to focus on the PDS peak
frequency, as this has been one of the most studied uterine
EMG parameters in both human and animal studies so far
[9, 10, 25]. We found an increase in uterine electrical sig-

nal frequencies as labor progressed. Further studies may very
well demonstrate that addition of other (linear or non-linear)
EMG parameters could make uterine EMG an even more ac-
curate methodology for labor progress assessment.

The main limitation of our study is the relatively small
number of women included. The cross-sectional nature of
the study can also be viewed as a limitation. We did not track
EMG changes in individual women longitudinally. Instead,
we compared three groups of women with different degrees
of cervical dilatation at EMG recording. Studies of longer
EMG recordings throughout labor will be needed to confirm
or refute our results. Nevertheless, our results may be viewed
as a proof of concept that uterine EMG could potentially be
used as a noninvasive tool for assessing labor progress that
could help minimizing the number of unnecessary and po-
tentially harmful vaginal examinations.

Author contributions

ML and ATB designed the research study. ATB per-
formed the research. KG provided help and advice on the
writing an article. NSP, ER and ML analyzed the data and
write an article. All authors contributed to editorial changes
in the manuscript. All authors read and approved the final
manuscript.

Volume 48, Number 4, 2021 885



Ethics approval and consent to participate
The National Medical Ethics Committee approved the

study (reference number: 137/02/10). Patient consent was
waived as it is a retrospective study without risks to the par-
ticipants, evaluating and improving current clinical manage-
ment.

Acknowledgment
We would like to express our gratitude to all pregnant

women who agreed to participate in the study. Thank you
to all the peer reviewers for their opinions and suggestions.

Funding
This study received no external funding.

Conflict of interest
The authors declare no conflict of interest.

References
[1] LemanH,Marque C, Gondry J. Use of the electrohysterogram sig-

nal for characterization of contractions during pregnancy. IEEE
Transactions on Biomedical Engineering. 1999; 46: 1222–1229.

[2] Verdenik I, Pajntar M, Leskosek B. Uterine electrical activity as
predictor of preterm birth in women with preterm contractions.
European Journal of Obstetrics, Gynecology, and Reproductive
Biology. 2001; 95: 149–153.

[3] Garfield RE, Lucovnik M, Chambliss L, Qian X. Monitoring the
onset and progress of labor with electromyography in pregnant
women. Current Opinion In Physiology. 2020; 13: 94–101.

[4] Jacod BC, Graatsma EM, Van Hagen E, Visser GH. A validation
of electrohysterography for uterine activity monitoring during
labour. Journal of Maternal-Fetal and Neonatal Medicine. 2010;
23: 17–22.

[5] Jezewski J, Horoba K, Matonia A, Wrobel J. Quantitative anal-
ysis of contraction patterns in electrical activity signal of preg-
nant uterus as an alternative to mechanical approach. Physiologi-
cal Measurement. 2005; 26: 753–767.

[6] Rabotti C, Mischi M, van Laar JOEH, Oei GS, Bergmans JWM.
Estimation of internal uterine pressure by joint amplitude and
frequency analysis of electrohysterographic signals. Physiological
Measurement. 2008; 29: 829–841.

[7] Trojner Bregar A, Lucovnik M, Verdenik I, Jager F, Gersak K,
Garfield RE. Uterine electromyography during active phase com-
pared with latent phase of labor at term. Acta Obstetricia et Gyne-
cologica Scandinavica. 2016; 95: 197–202.

[8] Hayes-Gill B, Hassan S, Mirza FG, Ommani S, Himsworth J,
Solomon M, et al. Accuracy and Reliability of Uterine Contrac-
tion Identification Using Abdominal Surface Electrodes. Clinical
Medicine Insights Women’s Health. 2012; 5: 65–75.

[9] Maner WL, Garfield RE, Maul H, Olson G, Saade G. Predict-
ing term and preterm delivery with transabdominal uterine elec-
tromyography.Obstetrics andGynecology. 2003; 101: 1254–1260.

[10] LucovnikM,KuonRJ, Chambliss LR,ManerWL, Shi SQ, Shi L, et
al. Use of uterine electromyography to diagnose term and preterm
labor. Acta Obstetricia et Gynecologica Scandinavica. 2011; 90:
150–157.

[11] Lucovnik M, Kuon RJ, Garfield RE. Assessment of parturition
with cervical light-induced fluorescence and uterine electromyo-
graphy. Computational and Mathematical Methods in Medicine.
2013; 2013: 165913.

[12] Lucovnik M, Maner WL, Chambliss LR, Blumrick R, Balducci
J, Novak-Antolic Z, et al. Noninvasive uterine electromyography
for prediction of preterm delivery. American Journal of Obstetrics
and Gynecology. 2011; 204: 228.e1–228.10.

[13] Jager F, Geršak K, Vouk P, Pirnar Ž, Trojner-Bregar A, Lučovnik
M, et al. AssessingVelocity andDirectionality of Uterine Electrical
Activity for PretermBirth PredictionUsing EHGSurface Records.
Sensors. 2020; 20: 7328.

[14] Cohen WR, Pacheco CVM. Uterine electromyography in latent
and active phase labor. Journal of the Society for Gynecologic In-
vestigation. 2004; 11: 69A–499A.

[15] Spong CY, Berghella V, Wenstrom KD, Mercer BM, Saade GR.
Preventing the first cesarean delivery: summary of a joint Eunice
Kennedy Shriver National Institute of Child Health and Human
Development, Society for Maternal-Fetal Medicine, and Ameri-
can College of Obstetricians and Gynecologists Workshop. Ob-
stetrics and Gynecology. 2013; 120: 1181–1193.

[16] Caughey AB, Cahill AG, Guise JM, Rouse DJ. Safe prevention of
the primary cesarean delivery. American Journal of Obstetrics and
Gynecology. 2014; 210: 179–193.

[17] FreemanRK. Problemswith intrapartum fetal heart ratemonitor-
ing interpretation and patient management. Obstetrics and Gyne-
cology. 2002; 100: 813–826.

[18] Iams JD, Newman RB, Thom EA, Goldenberg RL, Mueller-
Heubach E, Moawad A, et al. Frequency of uterine contractions
and the risk of spontaneous preterm delivery. New England Jour-
nal of Medicine. 2002; 346: 250–255.

[19] HolcombWLJ, Smeltzer JS. Cervical effacement: variation in be-
lief among clinicians. Obstetrics andGynecology. 1991; 78: 43–45.

[20] Gomez R, GalassoM, Romero R,MazorM, Sorokin Y, Gonçalves
L, et al. Ultrasonographic examination of the uterine cervix is bet-
ter than cervical digital examination as a predictor of the likeli-
hood of premature delivery in patients with preterm labor and in-
tact membranes. American Journal of Obstetrics and Gynecology.
1994; 171: 956–964.

[21] Downe S, Gyte GML, Dahlen HG, Singata M. Routine vaginal ex-
aminations for assessing progress of labour to improve outcomes
for women and babies at term. Cochrane Database of Systematic
Reviews. 2013; 7: CD010088.

[22] Cahill AG, Duffy CR, Odibo AO, Roehl KA, Zhao Q, Macones
GA. Number of Cervical Examinations and Risk of Intrapartum
Maternal Fever. Obstetrics & Gynecology. 2012; 119: 1096–1101.

[23] Maul H, Maner WL, Olson G, Saade GR, Garfield RE. Non-
invasive transabdominal uterine electromyography correlates
with the strength of intrauterine pressure and is predictive of labor
and delivery. Journal of Maternal-Fetal Neonatal Medicine. 2004;
15: 297–301.

[24] Lucovnik M, Maner WL, Garfield RE. Accuracy of frequency-
related parameters of the electrohysterogram for predicting
pretermdelivery. Obstetrical Gynecological Survey. 2010; 65: 141.

[25] Maner WL, Garfield RE. Identification of human term and
preterm labor using artificial neural networks on uterine elec-
tromyography data. Annals of Biomedical Engineering. 2007; 35:
465–473.

[26] Rossen J, Lucovnik M, Eggebø TM, Tul N, Murphy M, Vistad I,
et al. A method to assess obstetric outcomes using the 10-Group
Classification System: a quantitative descriptive study. BMJOpen.
2017; 7: e016192.

[27] KorenčM, Štern K, Verdenik I, LučovnikM. Classification of Pri-
mary Caesarean Sections in Labor and its Usefulness for Analysis
of Slovenian Perinatal Data. Zdravstveno Varstvo. 2019; 58: 78–
83.

[28] Pajntar M, Rudel D. Changes in electromyographic activity of the
cervix after stimulation of labour with oxytocin. Gynecologic and
Obstetric Investigation. 1991; 31: 204–207.

[29] Gilbert CL, Cripps PJ, Wathes DC. Effect of oxytocin on the pat-
tern of electromyographic activity in the oviduct and uterus of the
ewe around oestrus. Reproduction, Fertility, and Development.
1992; 4: 193–203.

[30] Ayad VJ, Gilbert CL, McGoff SA, Matthews EL, Wathes DC.
Actions of oxytocin and vasopressin on oestrogen-induced elec-
tromyographic activity recorded from the uterus and oviduct

886 Volume 48, Number 4, 2021



of anoestrous ewes. Reproduction, Fertility, and Development.
1994; 6: 203–209.

[31] Garfield RE,ManerWL. Physiology and electrical activity of uter-
ine contractions. Seminars inCell &Developmental Biology. 2007;
18: 289–295.

[32] ManerWL,MacKay LB, Saade GR, Garfield RE. Characterization
of abdominally acquired uterine electrical signals in humans, us-
ing a non-linear analytic method. Medical Biological Engineering
Computing. 2006; 44: 117–123.

[33] Fele-Zorz G, Kavsek G, Novak-Antolic Z, Jager F. A compari-
son of various linear and non-linear signal processing techniques
to separate uterine EMG records of term and pre-term deliv-
ery groups. Medical Biological Engineering Computing. 2008; 46:
911–922.

[34] Garfield RE, Murphy L, Gray K, Towe B. Review and Study of
Uterine Bioelectrical Waveforms and Vector Analysis to Iden-
tify Electrical andMechanosensitive Transduction ControlMech-
anisms during Labor in Pregnant Patients. Reproductive Sciences.
2020; 28: 838–856.

Volume 48, Number 4, 2021 887


	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	References

